based cancer registry covering the study area. 37 We further excluded subjects who had incomplete responses for alcohol information (n=6,468). Consequently, 39,076 subjects (20,660 men and 18,416 women) with 1,879 deaths (1,335 men and 544 women) were included in this analysis.
Epidemiologic studies of alcohol consumption and all-cause mortality among men have been inconsistent. Although many studies showed a J-shaped [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] or U-shaped [12] [13] [14] [15] [16] [17] [18] association, indicating a protective effect of moderate alcohol consumption, some studies found linear, [19] [20] [21] [22] no, [23] [24] [25] or other [26] [27] [28] [29] [30] [31] [32] associations. The results were inconsistent among Japanese studies: four prospective cohort studies found J-shaped, 11 linear, 22 or other associations. 27, 32 Fewer studies were available for women than for men, and the findings have also been inconsistent. Some studies reported a Jshaped 6, 10, 18, 33 or U-shaped 34 associations, while others reported no 28, 31 or other 16 associations between alcohol consumption and all-cause mortality. To our knowledge, no studies have been reported for the Japanese women.
We have previously conducted a prospective cohort study among middle-aged men in rural northern Japan who were followed-up for 7 years, and reported that current drinkers had linear increase in risk of all-cause mortality associated with higher amount of consumption as compared with never-drinkers. 22 Here we report the findings from the same cohort with 11 years of follow-up for men and women.
Statistical Analysis
We used Cox proportional-hazards regression to estimate relative risk (RR) of all-cause mortality according to categories of alcohol consumption and to adjust for potentially confounding variables, using the PHREG procedure on SAS ® version 8.2 statistical software package (SAS Inc., Cary, NC, USA). We conducted all analyses separately for men and women.
We considered the following variables as potential confounders: age in years; education (up to 15 years of age, 16-18, or 19 years or older); marital status at baseline (whether or not living with spouse); past histories of hypertension, renal diseases, liver diseases, diabetes mellitus, peptic ulcers, or tuberculosis; cigarette smoking (never smokers, past smokers, current smokers smoking 1-19 cigarettes per day, or current smokers smoking at least 20 cigarettes per day); body mass index in kg/m 2 (less than 18.5, 18.5-24.9, or 25.0 or higher); walking time per day (less than 1 hour, or 1 hour or longer); and consumption frequencies of green vegetables and oranges (almost daily, 3-4 times per week, 1-2 times per week, or 1-2 times per month or less often). We repeated all analyses after excluding the subjects who died during the first three years of follow-up. We also conducted stratified analyses according to the categories of covariates included in the multivariate analyses to examine whether the association Nakaya N, et al.
Study Cohort
We have reported the design of this prospective cohort study in detail elsewhere. 35 Briefly, from June through August 1990, we delivered a self-administered questionnaire on various health habits to 51,921 subjects (25,279 men and 26,642 women) who were 40-64 years of age and lived in 14 municipalities of Miyagi Prefecture in northern Japan. The questionnaires were delivered to and collected from the subjects' residences by members of health promotion committees appointed by the municipal governments. Usable questionnaires were returned from 47,605 subjects (22,836 men and 24,769 women), yielding a response rate of 91.7%.
The study protocol was approved by the institutional review board of Tohoku University Graduate School of Medicine. We considered the return of the self-administered questionnaires signed by the subjects to imply their consent to participate in the study.
Exposure Data
For the assessment of alcohol consumption, the questionnaire asked firstly if subjects were current, past, or never drinkers. Current drinkers were further asked about drinking frequency (less than once per week, once or twice per week, three or four times per week, or five times or more per week), beverage type usually consumed (sake, spirits, beer, whisky, wine, or others), and amount at one occasion. From these data, we calculated the grams of alcohol consumed per day, and classified the men who were current drinkers into four categories (< 22.8 g, 22.8-45.5 g, 45.6-68.3 g, or 68.4 g or more alcohol per day) and the women who were current drinkers into two categories (< 22.8 g or 22.8 g or more alcohol per day). With regard to the alcohol contents, 22.8 g of alcohol amounts to 1 go or traditional unit of sake (180 ml), which approximates two glasses of wine (200 ml), or two measures of spirits (50 ml).
We conducted a validation study for the questionnaire assessment of alcohol consumption. 36 Specifically, 113 subjects in the study district completed the questionnaire twice with a 12-month interval and provided four three-day diet records during the 12 months. Spearman's coefficients for the correlation between the amounts of alcohol consumed according to the questionnaire and the amounts consumed according to the diet records were 0.70 for men and 0.60 for women, and the correlations between consumption measured by the two questionnaires administered 12 months apart were 0.76 for men and 0.66 for women.
Follow-up
Of 47,605 subjects who responded to the questionnaire, we excluded 1,522 subjects who indicated that they had prior histories of cancer (n=561), stroke (n=379), or myocardial infarction (n=582). We also excluded 539 subjects who had prevalent cancer, which we ascertained by record linkage to the populationThe discrepancy between the present results and those of most previous studies showing a J-shaped [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] or U-shaped 12-18 association may be partly explained by the exclusion in this study of past drinkers from the reference category. In most previous studies, "non-drinkers" comprised both never drinkers and past drinkers. In the present analysis, we considered past drinkers and never drinkers separately, and found that past drinkers had markedly higher risk of all-cause mortality compared with never drinkers. Higher mortality among past drinkers may be due to ill health that had led them to quit drinking. Studies of alcohol and all-cause mortality may overestimate the lower risk in moderate drinkers if they did not separate never drinkers and past drinkers in the referent group. 22 In this study, the increased risk of all-cause mortality associated with current alcohol consumption was more remarkable among younger men than among older men. These results are consistent with a large population study in England and Wales that found a steeper dose-response association between alcohol consumption and all-cause mortality among young men than among older men. 38 Three studies have examined the association between alcohol consumption and all-cause mortality among Japanese men. Tsugane et al. 11 followed up 19,231 men aged 40-59 years for 7 years and documented 548 deaths. Compared with nondrinkers which comprised both never drinkers and past drinkers, the authors observed significantly lower risk for men who consumed 1-149 g alcohol per week (RR, 0.64; 95% confidence interval [CI], 0.46-0.88), and significantly higher risk for men who consumed ≥ 450 g alcohol per week (RR, 1.32; 95% CI, 1.00-1.74). Kono et al. 27 followed up 5,135 men aged 25 years or older for 19 years and documented 1,283 deaths. Compared with never drinkers separated from past drinkers, significantly higher risk was observed for men who consumed ≥2 go or 54 ml alcohol per day (RR, 1.28; 95% CI, 1.07-1.52). Miyazaki et al. 32 followed up 6,652 men aged from 40 to 69 years for up to 11 years and ascertained 379 deaths. Compared with never drinkers separated from past drinkers, the authors observed significantly lower risk for men who were occasional drinkers (RR, 0.71; 95% CI, 0.50-0.99) and daily drinkers who consumed less than 25 g alcohol per day (RR, 0.51; 95% CI, 0.29-0.88), while they did not find significant increase in risk for men who consumed higher amount of alcohol.
The present study had some methodological advantages over previous studies of alcohol and mortality conducted in Japan. 11, 27, 32 First, the present study had a larger number of deaths than did previous studies. Second, the validity and reproducibility of the questionnaire was not confirmed in some of the previous studies. 27, 32 In this study, we used questionnaire with high validity and reproducibility. 36 Third, our study controlled extensively potentially confounding variables including age, smoking, education, body mass index, consumptions of orange or spinach, walking time, marital status, and past histories of chronic diseases.
To our knowledge, this is the first study examining the association between alcohol and all-cause mortality among Japanese Alcohol and Mortality in Japan between alcohol consumption and all-cause mortality was modified by these variables. P values for tests of linear trends were estimated using grams of alcohol consumed per day as a continuous variable, with the exclusion of past drinkers. All P values were two-tailed.
The proportions of never drinkers, past drinkers, and current drinkers among men were 15.9%, 7.0%, and 77.1%, respectively, and these proportions among women were 72.1%, 4.0%, and 23.9%, respectively. Table 1 compares the characteristics of subjects according to categories of alcohol consumption. Compared with men who never drank alcohol, men who currently drank alcohol were younger, more likely to be current smokers smoking at least 20 cigarettes per day, less likely to consume oranges daily, and more likely to have histories of hypertension and liver diseases. Compared with women who never drank alcohol, women who currently drank alcohol were younger and more likely to be current smokers. Table 2 presents RRs for all-cause mortality according to categories of alcohol consumption. For men, age-adjusted analysis showed that the risk of death was significantly higher in current drinkers than in never-drinkers, and that the risk increased linearly as the amount of alcohol intake increased. The risk was two times higher in past drinkers than in never-drinkers. These results remained basically unchanged after multivariate adjustment or after the exclusion of subjects who died during the first three years of follow-up. For women, age-adjusted analysis showed that the RR death was significantly higher in current heavy drinkers (consuming 22.8 g or more alcohol per day), but not in current moderate drinkers (consuming <22.8 g alcohol per day), as compared with never-drinkers. The risk was also higher in past drinkers than in never-drinkers. These results remained basically unchanged after multivariate adjustment or after the exclusion of subjects who died during the first three years of follow-up. As shown in Table 3 , the increased risk of all-cause mortality associated with current alcohol consumption was remarkable only among younger men (40-49 years of age) but not among older men (50-59 years of age and 60 years of age or older). We did not observe such differential findings by age groups for women. For other variables, we did not find substantial modification of the association between alcohol consumption and mortality (data not shown).
This prospective cohort study of the Japanese general population demonstrated a linear association between the amount of current alcohol consumption and the risk of all-cause mortality among men and women. We did not observe lower mortality among men and women who consumed moderate amount of alcohol (<22.8 g per day) as compared with never-drinkers. 
